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Our  understanding  of  community  reaction  to  helicoptet 
noise  remains  incomplete.  A  technique  called '“A-weighting” 
appears  to  produce  realistic  data  outdoors  and  at  modest 
noise  levels,  and  the  community  response  in  terms  of  per¬ 
centage  of  population  highly  annoyed  can  be  correlated 
with  respect  to  the  Day/Night  Average  Sound  Level  (DNL) 
descriptor.  However,  questions  remain  as  to  the  effect  of 
perceived  building  vibrations  and  rattle  in  human  response 
to  helicopter  noise.  To  answer  these  questions,  this  study 
examined  the  role  of, vibration  and  rattle  in  human  response 
to  helicopter  noise. 


Many  volunteer  subjects  were  tested  under  real  noise 
conditions.  The  helicopter  noise  was  generated  by  an 
Army  UH-1H  (Huey)  helicopter.  Subjects  were  located 
either  in  the  living  room  of  a  new  mobile  home,  outdoors, 
or  in  the  living  room  or  dining  room  of  an  old  frame 
Cl,  farmhouse  near  Champaign,  1L.  The  control  or  comparison 
sound  was  generated  electronically  through  loudspeakers 
C  !>  at  each  location  using  a  500-Hz  octave  band  of  white  noise. 

By  performing  paired  comparison  tests  between  the  heli- 
t-'-J  copter  and  control  noises,  it  was  possible  to  establish 
equivalency  between  these  two  stimuli. 
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The  understanding  of  community  reaction  to  helicopter  noise  remains  incomplete. 
A  technique  called  "A-weighting"  appears  to  produce  realistic  data  outdoors  and  at 
modest  noise  levels,  and  the  community  response  in  terms  of  percentage  of  population 
highly  annoyed  can  be  correlated  with  respect  to  the  Day/Night  Average  Sound  Level 
(DNL)  descriptor.  However,  questions  remain  as  to  the  effect  of  perceived  building 
vibration  and  rattle  on  human  response  to  helicopter  noise.  Does  hearing  windows, 
ceiling  tiles,  or  objects  in  the  room  rattle  or  the  general  perception  of  bu’lding  vibration 
increase  the  public’s  adverse  response  to  helicopter  noise0  To  answer  these  questions, 
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this  study  examined  the  role  of  vibration  and  rattle  in  human  response  to  helicopter 
noise. 

Many  volunteer  subjects  were  tested  under  real  noise  conditions.  The  helicopter 
noise  was  generated  by  an  Army  UH-1H  (Huey)  helicopter.  Subjects  were  located  either 
in  the  living  room  of  a  new  mobile  home,  outdoors,  or  in  the  living  room  or  dining  room 
of  an  old  frame  farmhouse  near  Champaign,  1L.  The  control  or  comparison  sound  was 
generated  electronically  through  loudspeakers  at  each  location  using  a  500-Hz  octave 
band  of  white  noise.  By  performing  paired  comparison  tests  between  the  helicopter  and 
control  noises,  it  was  possible  to  establish  equivalency  between  these  two  stimuli.  The 
subjects  did  not  know  that  the  role  of  vibration  and  rattle  was  the  test's  true  purpose. 
USA-CERL  researchers  and  USA-CERL  instruments  recorded  the  vibration  and  rattle 
levels;  the  subjects  judged  only  their  annoyance  to  the  helicopter  noise  versus  the  control 
noise. 

Results  showed  that  the  A-frequency-weighting  is  adequate  to  assess  community 
response  to  helicopter  noise  when  no  vibration  or  rattle  is  induced  by  the  noise  and  the 
A-welghted  sound  exposure  level  is  less  than  90  dB.  When  rattle  or  vibration  is  induced 
by  the  helicopter  noise,  however,  A- weighting  does  not  assess  the  community  response 
adequately.  Under  conditions  of  "a  little"  rattle  or  vibration  induced  by  the  helicopter 
noise,  an  offset  of  about  10  dB  appears  necessary  to  properly  account  for  community 
reaction  to  helicopter  noise.  When  "a  lot"  of  rattle  or  vibration  is  induced,  the  offset 
necessary  to  use  A-weighting  appears  to  be  on  the  order  of  20  dB  or  more.  Moreover,  C- 
weighting  offers  little  or  no  improvement  over  A-weignting;  the  subjective  response  data 
still  divide  based  on  the  levels  of  vibration  and  rattle  induced  by  the  noise. 

In  this  study,  slant  distance  (distance  of  closest  approach  between  the  helicopter 
and  the  location  on  the  ground!  offers  the  best  correlation  with  high  levels  of  rattle.  For 
slant  distances  in  excess  of  10. J  ft,  high  levels  of  rattle  usually  would  not  be  induced  and 
for  slant  distances  shorter  than  500  ft,  high  levels  of  rattle  would  nearly  always  be 
produced. 

The  result  suggests  a  decibel  offset  of  perhaps  5  to  10  dB  to  assesj  helicopter  noise 
properly  when  little  vibration  or  rattle  is  produced  by  the  noise  or  when  no  rattle  is 
produced  and  the  helicopter  sound  exposure  level  (SEL)  is  very  high,  exceeding  about  90 
dB.  With  no  rattles  and  at  lower  helicopter  SELs,  there  is  no  offset.  No  housing  or 
noise-sensitive  land  uses  should  be  located  in  zones  where  high  levels  of  vibration  or 
rattle  are  induced  by  helicopter  noise;  the  offset  is  at  least  on  the  order  of  20  dB.  This 
high  vibration  and  rattle  zone  potentially  can  be  delineated  by  helicopter  type  and  slant 
distance.  For  the  Army  Huey  aircraft  in  level  flyover,  this  zone  boundary  is  at  a  slant 
distance  somewhere  between  500  and  1000  ft.  The  slant  distance  zone  boundary  is 
expected  to  differ  with  type  of  aircraft  and  operation. 
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(A-Weighted  -  C-Weighted) 
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F12 

L'ving/Dining  Room;  White  Noise  76  to  80  dB 
(A-Weighted  -  C-Weighted) 
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F13 

Liv’ng/Dining  Room;  White  Noise  80  to  84  dB 
(A-  Weighted  -  C-Weighted) 
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F14 

Living/Dining  Room;  White  Noise  84  to  88  dB 
(A-Weighted  -  C-Weighted) 
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THE  ROLE  OF  VIBRATION  AND  RATTLE  IN  HUMAN 
RESPONSE  TO  HELICOPTER  NOISE 


1  INTRODUCTION 


Background 

How  communities  react  to  helicopter  noise  remains  only  a  partially  answered 
question.  A  technique  called  "A-weighting"  appears  to  produce  realistic  data  outdoors 
and  at  modest  noise  levels,  and  the  community  response  in  terms  of  percentage  of 
population  highly  annoyed  can  be  correlated  with  respect  to  the  Day/Night  Average 
Sound  Level  (DNL)  descriptor.  However,  questions  remain  as  to  the  effect  of  perceived 
building  vibrations  on  human  response  to  helicopter  noise.1  Does  the  sound  of  windows, 
ceiling  tiles,  or  objects  in  the  room  rattling  or  the  general  perception  of  building 
vibration  increase  the  publ;c's  adverse  response  to  helicopter  noise?  The  Army  has 
received  many  complaints  about  helicopter  noise  that  mention  vibrating  objects  or 
building  elements.2  Attitudinal  surveys  performed  by  the  U.S.  Army  Construction 
Engineering  Research  Laboratory  (USA-CERL)  also  indicate  that  rattle  and  vibration  are 
problems  associated  with  helicopter  noise. 3  It  appears  that  the  A-weighted  DNL  may  not 
be  sufficiently  robust  to  account  for  the  rattles  and  vibrations  perceived  indoors  as  a 
result  of  high  levels  of  helicopter  noise. 


Purpose 

The  purpose  of  this  study  is  to  discover  if  human  response  to  helicopter  noise  is 
more  negative  when  the  noise  induces  noticeable  vibration  and  rattles.  If  so,  a  second 
objective  is  to  quantify  any  offset  or  adjustment  to  A-Weighting  required  in  helicopter 
noise  assessments  when  noticeable  vibrations  or  rattles  are  induced;  a  third  objective  is 
to  determine  if  some  other  standard  metric  is  better  than  A-weighting  for  assessing 
helicopter  noise  impact. 


Approach 

The  study  was  performed  using  juries  of  test  participants  placed  in  a  wood-frame 
home,  a  mobile  home,  and  outdoors.  A  helicopter  (Army  Huey,  type  UH-1H)  was  used  to 
generate  the  noise  stimulus.  By  varying  the  slant  distance  of  the  helicopter  from  the 
test  structures,  a  wide  range  of  single-event  flyby  sound  exposure  levels  (SELs)  were 
created. 


‘T.  J.  Schultz,  "Synthesis  of  Social  Surveys  on  Noise  Annoyance,"  Journal  of  the 
Acoustical  Society  of  America,  Vol  64,  No.  2  (August  1978),  p  380. 

2G.  A.  Luz,  R.  Raspet,  and  P.  D.  Schomer,  "An  Analysis  of  Community  Complaints  to 
Noise,"  Journal  of  the  Acoustical  Society  of  America,  Vol  73,  No.  4  (April  1983),  p  166. 
3P.  D.  Schomer  and  R.  D.  Neathammer,  Community  Reaction  to  Impulsive  Noise:  A  10- 
Year  Research  Summary,  Technical  Report  N-167/ADA141762  (U.S.  Army  Construction 
Engineering  Research  Laboratory  (USA-CERL],  November  1983). 
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Each  helicopter  flyby  was  studied  as  a  paired  comparison  with  a  shaped  burst  of 
white  noise  in  the  500-Hz  octave  band.  The  10-dB-down  noise  duration  approximately 
equaled  the  10-dB-down  duration  of  the  flyby.  The  white  noise  control  was  presented 
either  before  or  after  each  helicopter  flyby  and  at  eight  distinct  levels,  each  4  dB  apart 
from  one  another.  Thus,  the  eight  levels  spanned  a  total  range  of  28  dB.  For  each  test, 
the  subjects  were  given  the  binary  choice  of  stating  which  was  more  annoying  or 
bothersome,  the  helicopter  flyby  or  the  control  noise.  Objective  measurements  were 
made  of  wall  and  window  velocity  and  acceleration,  and  the  level  of  vibration/rattle 
present  in  each  test  area  was  judged  subjectively  by  researchers.  These  were  correlated 
with  the  subjects*  responses. 


Mode  of  Technology  Transfer 

The  Army  will  use  these  data  as  input  to  revisions  to  Army  Regulation  200-1, 
Environmental  Protection  and  Enhancement,  Chapter  7,  "Noise.**  It  is  also  expected  that 
the  Federal  Aviation  Administration  (FA A)  will  use  these  data  as  input  for  developing 
recommendations  on  heliports. 


/.  STUDY  CONCEPTS 


Determining  the  approach  to  this  test  has  been  an  evolutionary  process  among 
USA-CERL  researchers  and  outside  consultants  and  specialists.  Several  key  technical 
issues  were  given  great  scrutiny  and  debate  before  arriving  at  the  test  plan  used. 

In  this  study,  groups  of  test  participants  were  placed  inside  the  farmhouse,  inside  a 
fairly  new  mobile  homo,  and  outdoors.  An  Army  Huey  helicopter  made  a  series  of  flybys 
over  the  test  area  to  produce  the  noise  stimulus.  To  create  a  wide  range  of  single-event 
flyby  SELs,  the  helicopter's  slant  distance  from  the  test  structures  was  varied. 

Individual  helicopter  flybys  were  studied  as  paired  comparisons  with  artificially 
produced  shaped  bursts  of  white  noise  in  the  500-Hz  octave  band.  The  10-dB-down  noise 
duration  approximately  equaled  the  flybys'  10-dB-down  duration.  The  white  noise  control 
was  presented  either  before  or  after  each  flyby  and  at  eight  distinct  levels,  each  4  dB 
apart  from  one  another.  The  eight  levels  thus  encompassed  a  total  range  of  28  dB. 

Subjects  were  not  told  the  real  reason  for  the  study— to  examine  response  charges 
with  rattle  and  vibration.  Instead,  they  were  asked  to  choose  which  of  each  pair  of 
noises  was  more  annoying  or  bothersome  and  to  rate  their  difficulty  in  selecting  one  of 
the  pair.  USA-CERL  researchers  made  subjective  ratings  of  vibration/rattle  levels, 
which  were  correlated  with  the  subjects’  response  data. 

The  method  used  in  this  study  represents  a  laboratory  test  of  human  response  to 
helicopter  noise^  In  a  laboratory  test,  the  subjects  by  definition  are  not  in  their  homes 
and  rot  responding  to  noise  as  they  experience  it  in  their  communities.  This  is  in 
contrast  to  a  community  attitudinal  survey  in  which  subjects  respond  to  the  stimulus  as  it 
affects  them  in  their  home,  work  place,  or  community.  Typically,  subjects  in  a 
community  survey  respond  to  the  general  noise  environment  and  to  several  specific  noise 
sources  such  as  helicopter  operations  in  their  areas.  Community  response  can  be 
categorized  in  terms  such  as  "percentage  of  the  community  which  is  highly  annoyed." 
The  outdoor  noise  environment  is  known  to  a  specific  degree  of  accuracy  and  in  a  global 
sense.  There  is  usually  no  knowledge  of  the  subject's  indoor  noise  environment  or  life¬ 
style.  The  key  to  this  type  of  survey  study  is  that  subjects  respond  to  their  experiences 
and  their  environments,  but  the  precise  noise  stimulus  at  the  subjects'  ears  remains 
virtually  a  mystery.  In  contrast  in  a  laboratory  study,  the  stimulus  is  well  quantified, 
but  subjects  must  respond  not  to  their  experience  at  home,  but  to  what  they  experience 
in  the  laboratory  setting.  This  laboratory  test  was  performed  in  a  real  house  with  real 
helicopters  rather  than  with  tape  recordings  and  loudspeakers.  In  this  way,  real 
helicopter  sound  and  induced  rattles  and  vibrations  were  the  stimuli;  a  normal  laboratory 
setting  could  not  present  these  stimuli  nearly  as  realistically. 

At  least  two  general  approaches  have  been  used  to  perform  laboratory  tests  on 
human  response  to  noise.  One  approach  uses  magnitude  estimation  and  the  other  uses 
paired  comparison.  In  the  magnitude  estimation  study,  subjects  rate  each  individual  test 
stimulus.  This  rating  may  be  numerical,  such  as  rating  each  aircraft  flyby  on  the  basis  of 
0  through  10;  the  numerical  scale  may  be  anchored  with  bipolar  adjectives  such  as  0  is 
"not  at  all  annoying"  and  10  is  "extremely  annoying."  As  an  alternative,  the  magnitude 
estimation  approach  may  solely  use  an  adjectival  scale,  such  as  the  5-point  scale:  not  at 
all  annoying,  a  little  annoying,  moderately  annoying,  very  annoying,  or  extremely 
annoying.  This  type  of  approach  is  very  useful  for  developing  a  large  set  of  data  quickly 
and  establishing  functional  relationships  between  the  variables.  However,  the  adjectival 
or  numerical  scales  are  ordinal  and,  thus,  it  is  impossible  to  quantify  test  results  in  terms 
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of  decibel  adjustments.  Moreover,  the  larger  the  ordinal  scale  or  number  of  adjectives, 
the  greater  the  potential  variation  from  subject  to  subject  and  in  each  subject's 
individual  responses  over  the  course  of  the  test. 

A  paired  comparison  test  eliminates  the  ambiguity  inherent  in  the  results  of 
magnitude  estimation  tests.  However,  the  data  in  a  paired  comparison  test  are  more 
difficult  to  develop  and  it  is  a  harder  test  to  perform  than  the  other  type.  In  the  paired 
comparison  test,  study  participants  rate  the  test  stimuli  against  one  or  more  control 
stimuli.  Therefore,  this  approach  relies  on  the  experimenter's  ability  to  understand 
human  response  to  the  control  stimuli.  To  "chirve  this,  the  experimenter  seeks  to 
determine  quantitative  levels  of  the  study  stimuli  which  are  equivalent  to  the  control 
stimuli  in  terms  of  study  participants'  response;  the  50/50  criterion  is  usually  chosen. 
This  means  that  when  50  percent  of  the  study  participants  think  the  control  stimulus  is 
less  bothersome  or  annoying  and  50  percent  think  the  test  stimulus  is  more  bothersome  or 
annoying,  the  equivalency  point  is  considered  to  have  been  reached.  Because  this  is  a 
laboratory  test,  the  test  and  control  stimuli  are  well  quantified  and  quantitative 
recommendations  can  be  made  based  on  results  of  the  study. 

A  modified  paired  comparison  was  also  considered  for  this  test.  Under  this 
modification,  each  stimulus  would  have  been  compared  to  the  most  recent  previous 
stimulus.  Thus,  twice  as  many  judgments  would  have  been  made  compared  to  the  normal 
paired  comparison  method.  A  test  tape  was  made  using  helicopter  and  control  signals 
and  a  small  group  of  subjects  was  tested  sequentially.  The  modified  method  was  found  to 
create  too  great  a  workload  on  the  subjects,  so  it  was  rejected. 

Because  an  objective  of  this  study  was  to  quantify  any  offset  or  adjustment 
required  in  helicopter  noise  assessment  which  results  from  perceived  building  vibration 
and  rattles,  the  normal  paired  comparison  approach  was  chosen.  Up  to  eight  pairs  of 
equivalent  levels  were  established  between  the  helicopter  test  stimulus  and  a  control 
stimulus.  These  are  plotted  one  versus  the  other,  and  a  departure  from  a  straight  line 
indicates  a  change  in  growth  of  annoyance  to  the  helicopter  noise  compared  with  the 
control  noise.  With  the  paired  comparison  approach,  the  results  are  both  quantitative 
and  functional;  the  magnitude  estimation  approach  results  would  have  been  functional 
only,  not  quantitative. 

Once  the  paired  comparison  method  was  chosen,  selection  of  the  control  signal 
became  the  next  major  issue.  Clearly,  a  wide  variety  of  control  signals  is  available, 
including  one  that  is  a  pure  tone  with  a  choice  of  durations  (e.g.,  1,  10,  or  100  sec)  and 
one  that  is  a  frequency  band  of  noise  with  various  durations.  Since  pure  tones  present 
standing  wave  problems  in  closed  spaces,  this  study  used  a  band  of  noise.  The  500-Pz 
octave  band  of  white  noise  was  chosen  since  the  A-weighted  helicopter  spectrum 
frequently  peaks  in  the  500-Hz  octave  band.  To  keep  the  test  and  control  stimuli  similar, 
it  was  decided  to  impart  a  "haystack”  pattern  of  amplitude  modulation  to  the  500-Hz 
octave  band  of  white  noise  (Figure  12  in  Chapter  3  is  an  example  of  haystack  patterns). 
The  control  stimulus  was  chosen  such  that  its  10-dB-down  duration  most  nearly 
approximated  the  10-dB-down  duration  of  the  helicopter  flyby  stimulus. 

The  physical  data  incorporated  into  this  test  included  noise  and  vibration 
measurements.  In  general,  two  microphones  measured  the  sound  exposure  in  ti  e  vicinity 
of  each  group  of  test  participants  for  a  total  of  eight  microphones.  These  microphone 
signals  were  recorded  on  a  multichannel  recorder  and  the  A-weighted  SEL  was  computed 


immediately  in  the  field  using  USA-CERL  noise  monitors.1*  Vibration  measurements 
were  made  adjacent  to  each  of  the  three  groups  of  indoor  test  subjects.  These 
measurements  used  an  accelerometer  located  on  a  nearby  window  and  a  velocity-sensing 
device  located  on  the  nearby  exterior  wall.  The  accelerometer  output  was  integrated 
using  the  curve  recommended  by  the  International  Standards  Organization  (ISO)  so  both 
accelerometer  and  velocity-sensing  Geophone  output  were  in  terms  of  velocity.5  The 
maximum  impulse  value  of  each  velocity  was  recorded  in  the  field  using  a  B&K  2209 
sound  level  meter  set  to  impulse  hold.  These  six  channels  of  velocity  information  were 
also  recorded  on  an  FM  tape  recorder.  (Recorder  size  limited  the  total  number  of 
channels  recorded  to  14~eight  microphones  and  six  vibration-sensing  devices.) 

As  an  alternative,  floor  velocity  under  the  subjects  could  have  been  sensed  rather 
than  wall  velocity.  However,  other  studies  with  blast  noise  and  sonic  boom  indicate  that 
subjects  hear  building  elements  and  objects  rattle  while  the  actual  velocity  levels  are 
just  at  or  below  the  threshold  for  noticing  them.6  Since  the  purpose  of  this  test  was  to 
see  if  human  response  increases  when  vibrations  or  rattles  are  noticeable  and,  if  so,  how 
it  increases,  the  emphasis  was  on  locating  the  velocity  sensors  where  signals  were  most 
representative  and  easiest  to  measure.  Had  the  thrust  of  this  test  been  to  study  human 
response  to  directly  perceived  vibrations,  the  velocity  sensors  would  have  had  to  be 
located  on  the  floor  under  the  subject. 

A  pretest  with  an  actual  UH-1H  helicopter  at  the  test  house  showed  that  flybys 
create  almost  identical  velocity  levels  on  the  wall  and  floor.  These  levels  are  very  low, 
typically  1  mm/sec  or  less.  Light  footsteps  create  similar  or  higher  levels  on  the  floor 
but  do  not  register  on  the  wail.  So,  from  a  practical  measurement  standpoint,  the  wall 
appeared  to  be  the  only  reasonable  place  to  locate  the  Geophone  velocity  sensors  for  this 
experiment. 

The  primary  point  to  note  in  the  overall  approach  is  that  at  no  time  were  the  terms 
or  ideas  "vibration"  or  "rattle"  mentioned  to  the  test  subjects.  The  subjects  were 
instructed  to  judge  each  pair  according  to  "Which  is  more  bothersome  or  annoying? 
Given  the  choice,  which  would  you  rather  not  hear  again?"  For  the  same  noise  level, 
some  helicopter  sounds  created  vibration  and  rattles,  others  did  not.  Changes  in  subject 
response  with  the  presence  of  vibrations  or  rattles  with  no  change  in  helicopter  noise  or 
control  level  thus  would  have  indicated  the  need  for  a  "rattle  adjustment." 


“A.  Averbuch,  et  al.,  True-Integrating  Environmental  Noise  Monitor  and  Sound-Exposure 
Level  Meter ,  Vols  I-1V,  Technical  Report  N-41/ADA060958,  ADA072002,  ADA083320, 
ADA083321  (USA-CERL,  May  1978,  June  1979,  March  1980). 

5 International  Standards  Organization  (ISO),  Guide  for  the  Evaluation  of  Human  Exposure 
to  Whole-Body  Vibration  (ISO  Standard  No.  2631,  1978). 

SH.  Reicher  and  F.  J.  Meister,  The  Effects  of  Vibration  on  People  [Transl],  Report  No.  F- 
TS-616-RE  (HQ,  Air  Materiel  Command,  1946). 


3  DATA  COLLECTION 


Figure  1  shows  the  typical  data  expected  from  the  experiment  for  a  single  white 
noise  level.  Many  of  the  predicted  values  were  actually  seen.  The  data  yield  pairs  of 
numbers:  the  points  at  which  50  percent  of  the  subjects  perceived  the  helicopter  noise  to 
be  more  annoying  than  the  control  white  noise  level  and  50  percent  perceived  it  to  be 
les3  annoying.  These  are  taken  to  be  the  equality  points,  that  is,  points  at  which  the 
helicopter  SEL  is  equivalent  to  the  control  SEL  in  terms  of  community  response. 

Two  types  of  data  were  collected  for  this  experiment-acoustical  data  and  test 
participant  response  data.  The  test  site  was  a  country  farmhouse  and  a  new  mobile  home 
located  near  the  farmhouse.  Typically,  10  test  participants  were  located  in  the 
farmhouse,  five  in  the  mobile  home,  and  five  outdoors  in  the  tent.  Each  group  of 
subjects  judged  46  helicopter  flybys  along  with  46  white  noise  control  signals. 

The  haystack  white  noise  signals  were  presented  at  eight  different  levels,  each 
level  being  4  dB  different  from  the  adjacent  level.  Thus,  the  eight  levels  spanned  a  2f  - 
dB  range.  The  control  signals  had  a  sloping  onset,  a  rise  to  maximum,  and  a  faster 
sloping  decay.  The  indoor  SEL  of  these  control  signals  ranged  from  about  60  to  88  dB. 
The  house  attenuated  the  outdoor  helicopter  level  by  20  dB.  Two  loudspeakers  were 
employed  in  each  test  room  in  the  house  and  in  the  mobile  home  so  as  to  achieve  a 
substantially  uniform  sound  field  within  the  test  participants'  area.  A  set  of  two 
microphones  monitored  both  the  white  noise  control  levels  and  the  helicopter  levels 
within  the  test  rooms  and  two  outdoor  microphones  were  used  to  monitor  the  outdoor 
sound  produced  by  the  helicopter  flybys.  Accelerometers  and/or  velocity  transducers 
were  used  to  monitor  wall  and  window  motion. 


Site  Selection 

The  test  site  was  selected  to  be  in  an  isolated  area  to  avoid  complaints  about  noise 
from  nearby  residents.  Several  portions  of  the  Champaign  County,  IL,  area  were 
examined  and  the  area  directly  south  of  the  University  of  Illinois  was  chosen  as  the  best 
region  based  on  three  factors: 

1.  Proximity  to  the  University  and  Champaign  metropolitan  area  in  terms  of 
bringing  subjects  to  the  site 

2.  Proximity  to  the  airport  so  that  the  helicopter  could  be  refueled  quickly 

3.  Proximity  to  the  University's  south  farms  which  would  form  a  buffer  area 
between  helicopter  operations  and  built-up  regions  of  the  University. 

The  criteria  established  for  the  test  house  in  terms  of  location  included  a 
rectangular  clear  zone  which  extended  in  the  lateral  directions  from  the  test  house  0.5 
mi*  in  one  direction  and  1  mi  in  the  other  direction  and  extended  along  the  flight  path 
almost  2  mi  in  either  direction.  The  goal  was  to  have  no  other  housing  in  this  clear  zone 
and  minimal  housing  in  perimeter  areas  around  this  clear  zone. 


*A  metric  conversion  chart  is  on  page  53. 
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CONTROL  SEL  =  66 


Figure  1.  Planned  method  to  determine  equivalency  between  the  helicopter  and 
control.  In  this  example,  the  required  offset  is  -<4  dB. 

Second,  the  house  had  to  have  proper  construction  and  design  for  this  study.  For 
example,  the  rooms  in  which  subjects  would  be  placed  needed  to  have  windows  facing  the 
flight  path;  the  house  needed  to  be  of  typical  wood-frame  construction,  with  no  enclosed 
porches  and  other  similar  spaces  which  could  shield  the  test  subjects  in  an  interior 
location. 

Finally,  because  of  the  proximity  of  the  University  of  Illinois'  Willard  Airport,  it 
was  also  necessary  to  choose  a  test  site  which  was  not  on  an  extension  of  one  of  the 
major  runways  to  preclude  air-traffic  control  problems. 

The  site  selected  met  or  exceeded  the  above  criteria.  Figure  2  shows  the  general 
area,  the  test  site,  nearby  housing,  and  the  area  of  helicopter  operation.  The  site  is 
almost  directly  east  of  the  airport  and  not  in  line  with  any  runway  centerline 
extensions.  Only  two  homes  (other  than  the  test  house)  lie  within  the  designated  clear 
zone,  one  to  the  north  and  one  to  the  south  of  the  test  house.  Few  houses  adjoin  the 
clear  zone.  The  site  is  5  to  10  min  (by  car)  from  campus. 

To  further  preclude  complaints  about  noise  during  the  test,  a  few  homes  in  the 
clear  zone  very  close  to  the  perimeter  were  visited  and  the  times  of  helicopter  operation 
were  explained  to  the  residents.  Since  residents  in  this  area  are  accustomed  to 
experiments  of  every  type  being  performed  by  various  units  of  the  University,  it  was 
explained  that  a  helicopter  study  was  being  performed  by  the  University  of  Illinois  in 
conjunction  with  the  FAA  and  the  Corps  of  Engineers  (USA-CERL  is  an  adjunct  agency  to 
the  University  of  Illinois).  USA-CERL  personnel  distributed  the  leaflet  shown  in  Figure  3 
in  the  remainder  of  the  areas  surrounding  the  clear  zone.  If  residents  were  home,  the 
personnel  explained  that  a  study  was  being  performed  as  described  in  the  leariet;  if  not, 
the  leaflet  was  left  at  the  door  or  in  the  mailbox.  With  this  precautionary  foundation,  no 
noise  complaints  were  registered  during  the  study. 
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Site  Layout 

It  was  decided  to  place  subjects  in  (1)  the  living  room  of  the  house,  (2)  the  dining 
room  of  the  house,  (3)  the  living  room  of  a  mobile  home  which  was  placed  at  the  test 
site,  and  (4)  outdoors.  Thus,  the  site  had  to  accommodate  ingrecs  and  egress  of  USA- 
CERL  personnel  and  the  test  subjects,  the  mobile  home,  USA-CERL's  test  van  which 
housed  the  acoustical  and  vibration  instrumentation,  location  of  the  outdoor  test 
subjects,  and  instruction  and  assignment  of  test  participants.  Figure  4  is  a  layout  of  the 
test  site.  In  case  of  rain,  a  16-  by  20-ft  tent  was  rented  and  erected  on  site.  The  tent 
provided  an  area  to  instruct  and  divide  the  test  participants  into  groups  and  to  locate  the 
outdoor  test  group. 

The  test  house  itself  was  an  old,  wood-frame  farmhouse  (Figure  5)  currently 
occupied  by  an  elderly  couple.  USA-CERL  paid  for  the  use  of  their  house  during  the  days 
for  setup  and  operation  of  the  test.  A  theodolite  with  an  operator  was  located  about  900 
ft  east  of  the  test  site  and  was  used  to  verify  aircraft  height  for  operations  over  the  site 
and  400  ft  east  of  the  site. 

The  helicopter  flew  over  the  site,  400  ft  east,  950  ft  east,  and  1980  ft  east  of  the 
site.  Large  8-  by  8-ft  wooden  billboards  were  erected  on  the  mile  roads  at  the  site,  1  mi 
north  and  1  mi  south  of  the  site  at  these  distances.  These  were  painted  orange,  white, 
yellow,  and  red  for  the  four  respective  lateral  distances  (nominally  0,  400,  1000,  and  2000 
ft)  and  served  as  alignment  markers  for  the  helicopter. 


Subject  Selection 

Subjects  were  recruited  from  the  entire  Champaign-Urbana  area  through 
advertisements  in  the  local  and  campus  newspapers  and  handbills  placed  on  University 
billboards.  The  following  text  was  used  in  the  handbills  and  the  advertisements: 


WANTED 

Individuals  to  assess  various  sounds  for  an  acoustical  study.  One  entire 
morning  or  afternoon  during  the  week  of  October  17  to  21.  Free 
transportation  from  on  and  off  campus  to  and  from  the  test  site  near 
Savoy.  Test  participants  will  receive  $16.  Applicants  must  be  literate, 
able  to  follow  simple  instructions,  and  willing  to  take  a  free  hearing 
examination  at  the  U  of  I  Speech  and  Hearing  Clinic.  To  apply  or  for  more 
information,  call  weekdays  between  7:30  a.m.  and  1:00  p.m.  to  Judy,  Steve, 
or  Race  at  :he  Construction  Engineering  Research  Laboratory,  373-7256. 


First,  candidates  were  screened  for  hearing  acuity  at  the  University  of  Illinois 
Speech  and  Hearing  Clinic.  To  avoid  artificially  excluding  elderly  subjects  from  the  test, 
it  was  decided  to  require  that  subjects  have  "good  hearing"  for  their  age  group.  Thus,  a 
greater  decibel  loss  was  allowed  for  more  elderly  subjects.  Table  1  lists  hearing  acuity 
requirements. 

Candidates  who  passed  the  hearing  test  were  scheduled  for  a  test  session.  Figure  6 
is  a  sample  letter  with  the  information  sent  to  each  candidate  who  passed  the  hearing 
test.  Based  on  the  telephone  conversation  with  the  candidate,  this  letter  reiterated  the 
candidate's  assignment  to  a  test  time  and  the  location  of  pickup  (parking  or  walk-in). 
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Figure  4.  General  test  site  layout. 


Table  1 


Hearing  Acuity  Requirement* 


a.  Under  age  55* 

Average  Loss  for  the 

500-t  1000-,  and  2000-Hz 
Octave  Bands 
<dB) 

Loss  in  the 
4000-Hz 

Octave  Band 
<dB) 

1.  Each  ear 

<  25 

<  45 

2.  Both  ears 

<  30 

<  55 

3.  Better  ear 

<25 

-  35 

b.  Over  age  55.  (Required  for  each  ear  and  for  both  ears  together.) 

500-,  1000-,  and  2000-Hz 

Octave  Band 

Loss  In  the 

3-Band  Maximum  of  4000-Hz 

Average  Loss  These  3  Bands  Octave  Band 

Age 

(dB) 

56  -  60  <  34 

61-65  <37 

66  -  70  <  40 

71-75  <43 

♦From  Army  Regulation  (AR)  40-501. 


<  40 

<  60 

<  45 

<  65 

<  50 

<  70 

<  55 

<  75 
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INFORMATION  FOR  TEIT  FARTICIFANTS 

Tour  heari »g  haa  kata  found  aatiafactory  to  be  a  teat  subject  la  the  etudy 
belay  conducted  by  CERL.  Toy  ara  tchtdulad  ta  participate  according  te  tha  fol- 
lauiag  circled  data. 

MOMMY  TUESMT  VEINESMT  THURSDAY  FRIDAY 
Oct.  1 7  Oct.  10  Oct.  If  Oct.  20  Oct.  21 


To  bt  Ricked  up  at  .....  Uaat  of  Assembly  Hall 

(aaa  Nap)  _. _  Herat*  fro*  Uaioa  look  Store 

Tiaa  0i2S  am  I2i43  pa 


Teat  Farticipaata  will  ba  driven  ia  group* ,  la  U  of  I  or  CERL  carryalls,  to  a 
aita  aaar  Savoy  and  Hillard  Airport,  approximately  t  oilaa  from  eaapua.  At  tha 
teat  you  uill  ba  aakad  to  compart  tha  aaaoyaaca  of  up  ta  SO  helicopter  flyovara 
uith  tha  aaaoyaaca  of  a  aimllar  aumbar  of  other  soundt.  You  uill  have  to  listen 
attaativaly  to  theaa  aounda  for  parieda  of  about  aa  hour  batuaea  braaka.  There 
uill  be  tua  of  theaa  parioda  during  the  teat.  You  may  find  aoma  of  the  aounda 
unpleasantly  loud  or  aaaayia|.  Mama  of  tha  aauada  till  ba  aa  loud  or  long  aa  ta 
impair  yaur  hearing  ia  aay  uay. 

Tha  only  direct  beaefit  ta  you  far  participation  ia  thia  atudy  uill  ba  your 
payment  af  M4.40.  Faymeat  uill  bo  made  ia  caah  at  tha  and  of  the  tenting  period. 

If  for  name  rtaaon  you  find  that  you  uill  ba  unable  ta  attend  plaaaa  call  at 
371*7254. 


If  you  have  any  questiens  about  tha  nature  af  today 'a  experinent,  ank 
them  nov.  If  yau  ara  aatiafied  uith  your  uadorataadiaf  af  uhat  yaur  participation 
in  thia  axparlmant  mill  involve,  and  ara  uilliag  ta  participate,  plaaaa  aa  indi¬ 
cate  by  ai.tnini  the  fern  belou. 


INFORMED  CONSENT  FORM 

I  underatand  that  my  participation  aa  a  teat  aubjact  in  tha  axparlmant  being 
conducted  by  CERL  today  uill  require  mu  to  liaten  ta  up  ta  St  helicopter  flyovara, 
and  ta  judge  their  annoyance  relative  te  an  equal  number  of  other  aounda.  Theta 
judgemanta  uill  be  made  in  the  company  af  other  teat  aubjecta,  aeated  in  groups, 
far  parieda  af  about  an  hour  betueee  breaka.  I  alto  underatand  that  some  of  the 
sound*  I  uill  hear  may  be  uapleaaaatly  loud,  but  that  they  uill  not  pone  any  risk 
of  damage  te  my  hearing. 

Tha  only  direct  beaefit  ta  me  far  my  participation  in  thia  experiment  uill  be 
the  payment  made  far  my  time.  1  underatand  that  1  can  freely  uithdrau  frt*  parti¬ 
cipation  in  the  experiment  at  any  tine,  and  that  I  uill  be  paid  for  my  participa¬ 
tion  up  to  the  time  I  decide  ta  atop.  Traaaportation  back  ta  the  meeting  point 
uill  only  be  available  at  the  end  af  the  experiment,  houever.  I  have  had  the 
opportunity  to  diacuaa  the  nature  of  the  experiment,  end  am  uillieg  to  participate 
in  the  atudy. 


DATE  i 


SIGNET  I _ _ 


Figure  6.  Information  sent  to  test  participants.  Informed  consent  form  is  on 
lower  half. 
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Including  travel,  the  actual  participation  in  the  test  took  approximately  3-1/2  hr  and 
subjects  were  paid  $13.  No  subject  or  candidate  received  any  money  until  he  or  she 
actually  participated  in  the  study.  The  hearing  tests  were  paid  for  separately  by  USA- 
CERL  under  the  terms  of  a  special  contract  with  the  Speech  and  Hearing  Clinic. 

As  indicated,  every  effort  was  made  to  develop  a  diverse  subject  body  which  would 
include  both  young  and  old,  male  and  female,  students  and  nonstudents.  However,  since 
subjects  were  recruited  from  a  campus  town,  most  were  students  and  were  young. 
Table  2  lists  the  breakdown  of  subjects  by  age,  sex,  and  student  versus  nonstudent. 


Site  Operation 

USA-CERL's  acoustics  test  van  was  located  in  the  site's  southeast  corner  as 
indicated  in  Figure  4.  The  van  contained  instrumentation  for  recording  and  analyzing  the 
various  microphone,  accelerometer,  and  Geophone  signals.  B&K  type  4149  half-inch 
quartz-coated  condenser  microphones  with  desiccators  and  type  2619  preamplifiers  were 
used  inside  the  house  and  mobile  home.  A  USA-CERL-developed  line-driver  was  used 
with  each  microphone.7  Two  microphones  were  located  in  the  mobile  home  living  room, 
two  in  the  test  house  living  room,  and  two  in  the  test  house  dining  room.  Each  pair  of 
microphones  was  located  in  the  area  of  the  room  where  the  test  subjects  were  seated  so 
that  the  average  of  the  two  microphones  would  form  a  good  approximation  of  the  sound 
reaching  each  test  subject.  Two  B&K  type  4921  outdoor  microphone  systems  were  also 
used:  one  ip  the  tent  with  the  outdoor  test  subjects  and  the  other  on  a  30-ft  pole 
mounted  near  the  test  van.  Each  microphone  signal  was  analyzed  in  the  test  van  using 
the  USA-CERL-developed  integrating  noise  monitor  and  sound  exposure  level  meter  and 
were  recorded  on  an  Ampex  PR2200  FM  tape  recorder.8 9  An  Endevco  accelerometer  was 
mounted  on  a  main  window  facing  the  line  of  flight  at  each  indoor  location  (the  mobile 
home  living  room,  the  test  house  living  room,  and  the  test  house  dining  room).  A 
Geophone  (velocity  transducer)  was  mounted  on  the  exterior  wall  of  each  indoor  test 
site.  The  three  accelerometer  and  three  velocity-transducer  signals  were  recorded 
directly  on  the  Ampex  PR2200  FM  recorder.  The  three  accelerometer  signals  were  also 
integrated  using  the  ISO  curve  for  whole  body  vibration  and  measured  using  a  B&K  2209 
sound-level  meter.  The  velocity  transducers  were  measured  directly  (their  low  frequency 
cutoff  was  4.5  Hz)  using  a  B&K  type  2209  sound  level  meter.  Figures  7  and  8  illustrate 
and  Table  3  lists  the  equipment  setup  for  microphones,  accelerometers,  and  velocity 
transducers,  and  Figure  9  shows  the  ISO  frequency- weighting  network  employed. 

Wind  speed  and  wind  direction  were  monitored  continually  from  sensors  atop  a  25- 
ft  pole  attached  to  the  van.  Wet  and  dry  bulb  temperature  readings  were  made  at  the 
beginning,  middle,  and  conclusion  of  each  test  session. 

A  separate  area  of  the  test  van  contained  the  control  signal  generation 
instrumentation.  This  instrumentation  consisted  of  a  white  noise  generator,  an  octave- 
band  filter  set  to  the  500-Hz  octave  band,  a  Hewlett  Packard  step  attenuator,  a 
programmable  attenuator  connected  to  an  Apple  lie  microcomputer,  and  amplifiers 
(Figure  10).  The  amplifiers  ran  to  loudspeakers  located  in  the  four  subject  test 
locations.  Preprogrammed  functions  in  the  Apple  He  varied  the  control  signal  10-dB- 
down  duration  and  the  HP  step  attenuator  was  used  to  vary  the  control  signal  amplitude. 


7P.  D.  Schomer,  Acoustic  Patterns  for  Army  Weapons:  Supplement  I,  Technical  Report 

N-80/ADA121665  (USA-CERL,  September  1982). 

9  A.  Averbuch,  et  al. 


Table  2 


Breakdown  of  Test  Subjects  by  Age,  Sex,  and  Student  Status 


Age/Sex 

Under  20  21-30  31-40  Over  40 

Time  Period  M  F  MF  MF  M  F  Student  Nonstudent 

Monday  a.  m.  30  2526  00  7  11 

18 

Monday  p.m.  24  4420  01  14  3 

17 

Tuesday  a.m.  53  1901  11  14  7 

21 

(16  runs  only) 

Tuesday  p.m.  7  6  3300  10  19  1 

20 


Wednesday  a.m.  14  2311  14  6  11 

17 

Wednesday  p.m.  3  2  32  01  14  8  8 

16 

Thursday  a.m.  43532211  9  12 

21 


Thursday  p.m.  63321000  14  1 

15 

Friday  a.m.  560612  0  3  16  7 

23 


Saturday  a.m.  33350111  14  3 

17 

(23  runs  only) 

Saturday  p.m.  340312  0  3  7  9 

16 


Total  42  38  26  45  10  16  6  18  128  73 
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Figure  7.  Acoustical  data  gathering  instrumentation. 
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Figure  8.  Velocity  data  gathering  instrumentation. 
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Figure  9.  ISO  building  vibration  z-dxis  base  acceptability  curve.  This  represents 
the  foot-  (or  buttock-)  to  -head  vibration  base  curve. 


Table  3 

Acoustic  and  Velocity  Equipment  Used  in  Test  Data  Gathering 


Function 

Transducer 

Conditioner 

Amplifier 

Recorder  Analyser 

Indoor 

microphone 

BAR  4149 
with  desiccator 

BAR  2919 
follower 
and  BAR  2904 
power  supply 

USA-CERL 
•Lie  driver 

AMPEX 

PR  2200 

14  channel  FM 
USA-CERL  monitor 

Outdoor 

microphone 

BAR  4149 
with  desiccator 

BAR  4921 

BAR  4921 

As  above 

Window 

accelerometer* 

Endevco 

Endevco  summing 
amplifier* 

Endevco  summing 
amplifier* 

AMPEX 

PR  2209 

14  channel  FM 
BAR  2209 

WaU  velocity 

Geophone 

None 

USA-CERL 

(Impulse  hold) 

•Measures  velocity  by  using  ISO-recommended  weighting  function  after  the  line  driver.  The  weighting  function  la 
essentially  an  integrator  In  the  frequency  range  of  this  experiment. 


M8-290-  2S0W 


Figure  10.  Setup  for  generating  control  noise  signals. 

Subjects  were  transported  by  carryall  vans  from  two  locations  on  campus:  a  walk- 
up  area  at  one  of  the  main  intersections  oh  campus  and  a  drive-in  area  at  a  University 
parking  lot  where  subjects  could  park  their  cars  free  (USA-CERL  provided  temporary 
stickers).  These  two  locations  are  noted  on  Figure  2  as  the  "walk  up"  and  "drive  in"  sites. 

Subjects  were  then  asked  to  sign  the  consent  form  shown  in  the  lower  half  of 
Figure  6.  Subjects  arriving  onsite  were  assembled  in  the  tent.  Here  they  received 
general  instructions  about  the  test,  written  instruction  sheets  (Figure  11),  answer  sheets 
(Appendix  A),  and  pens;  they  were  then  divided  into  the  four  groups.  USA-CERL 
researchers  went  with  the  subjects  to  their  locations  and  remained  there  throughout  the 
entire  test  (one  in  the  mobile  home,  one  between  living/dining  areas  of  the  house,  and 
one  in  the  tent). 

A  test  period  began  with  three  practice  comparisons  for  the  subjects.  Subjects  had 
to  decide  which  was  more  bothersome  or  annoying,  the  first  or  second  noise  in  a  pair. 
They  also  indicated  on  a  5-point  scale  how  difficult  it  was  to  decide  which  was  more 
annoying;  but  in  every  case,  subjects  were  required  to  decide  which  of  the  two  sounds 
was  more  annoying.  The  practice  comparisons  used  only  the  white  noise:  there  was  no 
helicopter  for  the  three  practice  comparisons.  (The  Appendix  A  answer  sheets  show  a 
helicopter  for  the  third  practice,  but  it  was  not  used.)  The  first  two  practice 
comparisons  used  widely  different  SELs  so  that  the  answers  were  obvious  and  the  USA- 
CERL  researcher  could  be  sure  that  the  subjects  understood  the  instructions.  The  third 
practice  used  identical  levels  for  signals  A  and  B  so  it  would  be  very  difficult  for  the 
subjects  to  decide. 

After  the  three  practice  runs,  the  regular  test  commenced,  containing  46  paired 
comparisons  split  into  two  groups  of  23  separated  by  a  break.  During  this  break,  the 
helicopter  refueled  and  the  subjects  were  paid. 

Each  paired  comparison  consisted  of  four  distinct  segments:  (1)  listening  to  the 
first  sound,  (2)  listening  to  the  second  sound,  (3)  choosing  the  more  annoying  or 
bothersome  sound  and  marking  the  answer  sheet,  and  (4)  waiting  while  the  helicopter  was 
repositioned.  Each  paired  comparison  was  scheduled  to  take  2  min  and  45  sec.  Half  of 


29 


INSTRUCTIONS 


You  are  about  to  take  part  In  a  study  of  the  annoyance  of  helicopter  noise.  Your  Job  will 
be  to  judge  which  of  a  pair  of  noises  Is  more  annoying:  a  helicopter  flying  nearby  or  a 
comparison  noise.  Because  both  noises  will  last  for  many  seconds,  you  will  have  to  pay 
careful  attention  to  them  for  quite  some  time.  You  will  be  seated  with  a  group  of  other 
people  who  will  also  be  judging  the  annoynace  of  these  pairs  of  noises.  It  Is  your  opinion 
that  «e  are  interested  in,  however,  so  please  do  not  discuss  your  judgments  with  others. 

An  experimenter  will  stay  with  your  group  for  the  entire  test,  Session  to  maxe  sure  that 
you  understand  these  instructions  and  are  keeping  up  with  the  progress  of  the  study.  On 
each  trial,  a  red  light  will  come  on  and  a  beeper  will  sound  when  you  are  supposed  to 
start  listening  for  the  first  noise  of  a  pair— either  the  helicopter  or  the  comparison 
noise.  The  same  light  will  go  out  and  the  beeper  will  sound  when  you  need  no  longer  pay 
attention  to  the  first  noise.  At  that  same  time,  a  yellow  light  will  come  on  to  tell  you  to 
start  listening  for  the  second  noise  of  a  pair.  At  the  end  of  the  second  noise,  the  yellow 
light  will  go  out  and  the  beeper  will  sound  again. 

At  the  same  time,  a  green  light  will  come  on  to  tell  you  to  make  your  judgment.  It  Is 
very  important  that  you  wait  until  the  green  light  comes  on  before  you  decide  which  of 
the  two  noises  you  have  just  heard  (the  helicopter  or  the  comparison  noise)  is  more 
annoying.  Although  one  or  the  other  of  the  two  noises  may  seem  more  annoying  while  it's 
in  progress,  don't  make  up  your  mind  until  the  second  noise  of  each  pair  Is  over. 

Sometimes,  it  will  be  easy  to  decide  which  of  the  pair  of  noises  you’ve  just  heard  Is  the 
more  annoying.  Other  times  it  may  not  be  as  ei  -y.  You  must  always  make  up  your  mind 
when  the  green  (third)  light  comes  on,  however,  even  If  you  think  one  of  the  sounds  was 
only  slighly  more  annoying  than  the  other.  Make  up  your  mind  as  soon  as  possible  after 
the  green  light  comes  on  and  mark  your  answer.  The  green  light  will  remain  on  for  about 
20  to  30  seconds.  Usually  it  will  be  followed  by  a  short  pause  (20  seconds)  before  the 
next  pair  of  sounds  begins. 

The  more  annoying  noise  of  a  pair  is  the  one  that  you  would  rather  not  hear  again  (if  you 
had  to  hear  one  of  them  again).  When  you  make  up  your  mind  whether  the  helicopter  or 
the  comparison  noise  was  the  more  annoying  to  you,  rememb not  only  how  loud  the  two 
noises  were,  but  also  how  long  they  lasted,  and  whether  any  part  of  either  noise  was 
especially  bothersome.  There  are,  of  course,  no  "right"  or  "wrong"  answers,  but  people 
who  lister,  carefully  to  both  of  a  pair  of  noises  can  often  agree  which  is  more  annoying. 
P'ease  give  us  your  honest  and  considered  opinion,  and  keep  an  open  mind  until  you've 
heard  ail  of  the  second  noise  of  each  pair. 

P'jTht  after  you  decide  which  of  the  pair  of  noises  was  more  annoying,  we’d  like  you  to 
write  down  how  hard  it  was  for  you  to  make  U7  your  mind.  If  it  was  very  easy  to  make  up 
your  mi-id  which  noiSe  was  the  more  annoying,  circle  the  number  one  ("1”)  on  the  answer 
sheet.  Circle  the  numbers  two,  three,  and  four  ("2",  "3",  and  “4")  for  increasingly  harder 
decisions.  If  it  was  extremely  difficult  to  make  up  your  mind  (that  is,  if  you  felt  the  two 
noises  of  the  pair  were  almost  equally  annoying),  circle  the  number  five  ("5"). 

We'll  practice  your  job  before  the  experiment  starts.  After  the  experiment  starts, 
however,  please  do  not  interrupt  other  people's  concentration  by  talking.  There  will  be  a 
break  after  about  an  hour,  when  you  csn  get  up  and  walk  around  for  a  while.  If  you  have 
any  questions  about  what  you're  supposed  to  do,  please  ask  the  experimenter  now. 


Figure  11.  Test  participant  instructions. 
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the  paired  comparisons  were  performed  with  the  helicopter  sound  presented  first  and  the 
control  second;  the  other  half  were  performed  with  the  helicopter  presented  second  and 
the  control  first.  It  was  not  possible  to  randomize  presentation  of  helicopter  first  or 
second  because  of  the  time  it  would  have  taken  to  position  the  aircraft.  Rather,  the 
order  was  reversed  every  seven  to  eight  operations.  For  Monday  morning  tests,  the 
helicopter  was  presented  first  on  the  first  eight  paired  comparisons,  the  control  signal 
first  on  the  second  eight  comparisons,  and  the  helicopter  first  on  the  next  seven 
comparisons  for  a  total  of  23  paired  comparisons  during  the  first  half  of  the  morning. 
For  the  afternoon  session  that  day,  the  control  signal  was  presented  first  on  the  first 
eight  pairs,  the  helicopter  came  first  on  the  second  eight  pairs,  and  the  control  signal 
came  first  on  the  next  seven  pairs.  For  further  randomization,  Monday,  Tuesday,  and 
Thursday  followed  one  sequence  and  Wednesday  and  Friday  followed  the  alternative 
sequence. 

The  command,  control,  and  communication  function  was  centered  in  the  USA- 
CERL  test  van  where  one  person  operated  the  control  noise  generation  equipment,  a 
control  panel  which  activated  lights  and  bells  in  the  various  test  sites  and  in  the  van,  and 
communicated  with  the  test  aircraft.  By  operating  a  switch,  this  person  first 
simultaneously  turned  on  a  red  light  for  1  min  in  the  van  and  at  all  four  subject 
locations.  The  red  light  indicated  that  the  subjects  should  be  concentrating  on  the  first 
sound  in  the  pair.  The  operator  then  changed  the  red  light  to  a  yellow  light  for  1  min, 
indicating  that  the  subjects  should  be  concentrating  on  the  second  sound  in  the  pair.  At 
the  end  of  the  second  minute,  the  light  was  changed  to  a  green  light  which  was  on  for 
approximately  15  sec.  The  green  light  indicated  that  subjects  should  now  be  making  their 
decision  and  marking  their  answer  sheet.  This  sequence  of  three  lights  was  followed  by 
about  30  sec  when  no  light  was  on  while  the  helicopter  was  being  repositioned.  Each 
time  a  light  changed,  a  beep  would  also  sound  in  each  location  indicating  the  light  was 
changing  color. 

The  control  noise  was  generated  by  setting  a  prelisted  step  attenuator  level  and 
punching  a  coded  value  followed  by  a  return  into  the  Apple  computer.  The  Apple 
computer  then  automatically  created  a  1-min-long  oontiol  signal  with  the  proper  10-dB 
down  duration.  Figure  12  {a  and  b)  shows  typical  control  signals.  Basically,  the  relative 
level  of  the  control  stimulus  started  at  about  -70  dB  and  increased  first  to  -10  dB.  Then 
it  increased  (usually  at  a  different  rate)  from  -10  dB  to  0  dB.  As  soon  as  it  reached  0  dB, 
it  decayed  from  0  dB  to  -10  dB  at  one  to  two  times  the  rate  it  grew  from  -10  dB  to  0 
dB.  From  the  -10  dB  level,  it  decayed  to  the  original  -70  dB  level  at  the  same  rate  that 
it  grew  from  -70  to  -10  dB.  A  set  of  five  10-dB-down  durations  were  available.  These 
included  5,  10,  20,  30,  and  50  sec. 

Figure  13  illustrates  the  helicopter  position  as  a  function  of  time  for  runs  when  the 
helicopter  sound  was  presented  first  and  for  runs  when  the  control  sound  was  presented 
first.  This  figure  is  to  be  interpreted  in  conjunction  with  Table  4. 

The  USA-CERL  researchers  assigned  to  the  mobile  home  and  house  each  had  a  data 
form  on  which  they  recorded  their  judgments  of  the  vibration  and  rattles  present 
(Appendix  A).  They  used  a  3-point  scale  which  approximately  corresponded  to  the 
adjectives  "none,"  "a  little,"  or  "a  lot." 

Everyone  onsite  had  matched  sets  of  data  forms  (Appendix  A)— the  subjects  had 
their  data  forms;  USA-CERL  researchers  had  a  data  form;  USA-CERL  personnel  in  the 
van  and  at  the  theodolite  had  various  forms  for  recording  aircraft  height,  weather 
conditions,  signal  levels,  and  attenuator  settings;  the  USA-CERL  technician  performing 
the  command  control  and  communication  function  had  a  set  of  flip  cards  (Appendix  B) 
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Figure  12.  (a)  Example  of  a  control  signal  with  a  10-sec,  10-dB-down  duration. 

Note  that  during  the  10-dB-down  period  (25  to  35  sec),  the  rise  rate 
is  twice  the  decay  rate,  (b)  Example  of  a  control  signal  with  a  30- 
sec,  10-dB-down  duration.  Note  that  during  the  10-dB-down  period 
(IS  to  45  sec),  the  rise  rate  equals  the  decay  rate. 
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TURN  I 

I9C0  FT  RADIUS 
90  KNOTS 
4^2°/ SEC  TURN 
12,000  FT  CIRCUMFERENCE 


SCALE! 

ioooTt 


house  line 


TURN  2 

1900  FT  RADIUS 
90  KNOTS 
4l/2B/SEC  TURN 


Figure  13.  Helicopter  flight  patterns. 


Table  4 


Dynamic  Flight  Patterns 


a.  Helicopter  Signal  Presented  First 


Segment 

Distance 

(ft) 

Time 

(see) 

Subject 

AB* 

9000 

60 

Listen  to  flyby 

BCD 

9000 

60 

Listen  to  control 

DC 

6000 

40 

Make  judgment 

CE 

9000 

60 

Listen  to  flyby 

EAF 

9000 

60 

Listen  to  control 

FA 

6000 

40 

Make  judgment 

b.  Control  Signal  Presented  First 

GFA 

9000 

60 

Listen  to  control 

AB 

9000 

60 

Listent  to  flyby 

BCH 

6000 

40 

Make  judgment 

HDJC 

9000 

60 

Listen  to  control 

CE 

9000 

60 

Listen  to  flyby 

EAG 

6000 

40 

Make  judgment 

1 

a 


i 


VI 

•3 


5 


♦Segments  refer  to  Figure  13. 
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indicating  the  attenuator  setting,  Apple  He  computer  commands,  timing,  radio  calls,  and 
helicopter  position;  and  the  helicopter  pilot  had  a  set  of  flip  cards  (Appendix  B) 
indicating  position  and  radio  calls  for  each  flyover. 


Data  Design 

Data  collection  was  randomized  by:  (1)  helicopter  and  control  levels,  (2)  order  of 
presentation,  and  (3)  direction  of  flight  for  a  given  level.  As  indicated  earlier  there  were 
two  orders  of  presentation:  one  in  which  the  first  eight  paired  comparisons  had  the 
helicopter  first  and  one  in  which  the  first  eight  paired  comparisons  had  the  flyover  first. 

Helicopter  levels  were  varied  by  the  natural  scatter  in  flyover  levels  from  one 
operation  to  the  next  and  by  varying  slant  distance.  The  helicopter  flew  directly 
overhead  at  100  or  200  ft  above  ground  level  (AGL)  and  at  sideline  distances  of  400,  900, 
and  1950  ft,  all  at  an  altitude  of  300  ft  AGL,  to  achieve  slant  distances  of  500,  1000,  and 
2000  ft.  So,  the  total  set  of  slant  distances  was  100,  200,  500,  1000,  and  2000  ft 
(Figure  14).  A  variety  of  control  SELs  were  selected  for  use  with  each  slant  distance  to 
achieve  a  proper  mix  of  control  and  aircraft  SEL  (Table  5).  Based  on  this  design,  Table  6 
lists  the  actual  signal  pairs  for  each  of  the  46  paired  comparisons  for  each  of  the  two 
sequences:  helicopter  first  or  control  signal  first.  Table  7  summarizes  the 

randomization  by  slant  distance. 

As  already  indicated,  the  terms  "vibration"  and  "rattle"  were  never  mentioned  to 
the  subjects.  Therefore,  they  did  not  know  the  purpose  of  the  study  was  to  find  and 
quantify  a  "rattle  adjustment."  An  article  written  by  one  student  participant  appeared  in 
the  campus  newspaper  describing  that  subject's  reaction  to  the  experiment.  The 
following  excerpt  helps  show  that  the  test's  true  purpose  (i.e.,  the  "rattle  factor1)  was 
masked  successfully:9 


The  group  sat  in  two  banks  of  carefully  placed  couches  and  chairs  in  front 
of  a  set  of  boxy  speakers  and  a  board  with  four  light  bulbs  sticking  out  of 
it.  A  blond,  mustached  research  assistant  explained  we  would  listen  first  to 
the  helicopter,  a  stripped-down  Huey  that  looked  like  it  had  just  flown  out 
of  a  MASH  set,  and  judge  its  annoyance.  When  the  yellow  light  came  on, 
we  were  to  circle  a  number  from  one  to  10  on  our  forms  depending  on  how 
much  "we  would  not  like  to  hear  it  again."  Next,  we  were  to  rate  a  grating 
rumble  coming  out  of  the  speakers.  We  did  this  49  times. 


The  article  mentions  nothing  about  vibrating/rattling  walls  and/or  windows;  instead,  it 
describes  the  test  using  only  information  that  had  been  given  in  the  instructions. 


9J.  Morgan,  "A  Guinea  Pig  for  Defense  Sake,"  The  Daily  Mini. 


Figure  14.  Point  of  closest  approach  (slant  distance)  for  each  of  the  five  flight 
tracks. 


Table  5 

Signal  Pairs;  Control  SSL  and  Corresponding 
Helicopter  Slant  Distances 


Outdoor  Control  SEL* 
<dB) 

500  Hm  Octave  Band  of 
White  Noise 

108 

1C4 

100 

96 

92 

08 

84 

SO 


Outdoor  Helicopter 
Slant  Distances 
(ft) 

100 

100 

100,  2u0 
200,  500 
200,  500,  1000 
500,  1000,  2000 
1000,  2000 
2000 


•Indoor  levels  were  reduced  by  20  dB  to  account  for  building 
attenuation. 


Tables 


Order  of  Test  Stimuli  Presentation 


Satskm  A* 


8— km  B* 


Pair 

Slant 

Dlstanea 

(ft) 

Heading 

Control  SEL** 
Outdoor 

(<3) 

1 

200 

N 

96 

2 

2000 

S 

84 

3 

200 

N 

92 

4 

1000 

S 

88 

S 

500 

N 

92 

8 

200 

S 

92 

7 

100 

H 

104 

a 

200 

S 

100 

9 

500 

N 

88 

id 

1000 

S 

92 

u 

100 

H 

108 

12 

500 

S 

92 

13 

1000 

N 

84 

14 

500 

S 

88 

IS 

500 

N 

96 

16 

200 

S 

96 

17 

200 

H 

100 

IS 

100 

S 

lb* 

19 

200 

H 

92 

20 

500 

S 

96 

21 

2000 

N 

84 

22 

2000 

S 

80 

»: 

lOOu 

H 

88 

24 

500 

S 

88 

25 

200 

N 

96 

26 

1000 

S 

84 

27 

1000 

N 

88 

28 

200 

S 

100 

29 

2000 

N 

88 

30 

1000 

S 

92 

31 

500 

N 

92 

32 

100 

S 

100 

33 

200 

N 

100 

34 

500 

S 

92 

35 

1000 

N 

92 

36 

2000 

S 

88 

37 

500 

N 

96 

38 

200 

S 

96 

39 

100 

N 

100 

40 

100 

S 

108 

41 

1000 

N 

92 

42 

soo 

S 

96 

43 

500 

N 

88 

44 

1000 

S 

88 

45 

2000 

N 

80 

46 

200 

S 

92 

Group  !••* 


Group  a*** 


Group  m*** 


Group  rV*** 


Group  V 


Group  VI 


•Each  session  took  about  1  hr,  with  a  30-min  break  between  sessions  for  refueling  the 
helicopter  and  paying  subjects. 

••Indoor  control  SEL  were  reduced  by  20  dB  to  account  for  building  attentuation  of  the 
A-weighted  helicopter  levels. 

•••As  explained  in  the  text,  helicopter  and  control  order  of  presentation  alternated  with 
groups.  Monday,  Tuesday,  and  Thursday  mornings  and  Wednesday  and  Friday  after¬ 
noons  had  helicopter  first  for  Group  1.  Other  times  had  the  reverse. 
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Table  7 


4  DATA  REDUCTION  AND  RESULTS 


The  various  sets  of  data  accumulated  during  this  study  included  subjects'  responses, 
both  A-weighted  and  C-weighted  measured  SELs  near  the  subjects,  measured  maximum 
Impulse  ISO  vibration  levels  of  the  windows  and  walls,  and  USA-CERL  researcher 
judgments  of  vibrations  and  rattles  at  the  indoor  test  locations  on  the  3-point  scale. 


Basie  Data  Division 

The  control  signals  were  set  up  to  yield  eight  distinct  SEL  levels  at  each  location, 
each  level  separated  from  the  next  by  4  dB.  However,  use  of  white!  noise  with  its 
inherent  statistical  variation  in  a  narrow  band  (500-Hz  octave  band  in  this  case)  was 
enough  to  cause  considerable  variation  in  measured  SEL  from  one  run  to  the  next. 
Therefore,  it  was  decided  to  split  the  data  based  on  control  signal  level  into  4-dB-wide 
bins  spread  over  about  a  28-dB-wide  range.  Table  8  illustrates  the  range  of  data 
developed  at  the  four  subject  locations.  Once  the  data  were  split  into  bins,  it  was 
possible  to  plot  percentage  of  respondents  finding  the  helicopter  more  annoying  for  given 
helicopter  and  control  SELs.  Figure  15  shows  a  typical  curve.  Appendix  C  contains 
indoor  results.  In  this  appendix,  A-weighted  SEL  is  used  throughout.  On  each  curve,  the 
data  are  split  based  on  the  USA-CERL  researchers'  judgments  about  the  three  vibration 
levels:  none,  a  little,  or  a  lot. 

Figures  Cl  through  C7  in  Appendix  C  show  that,  in  the  mobile  home,  the  data  were 
homogeneous  and  did  not  divide  on  the  basis  of  vibrations  or  rattles.  This  is  also  evident 
in  Figure  15  where  the  dashed  regression  line  is  fit  to  the  totil  data  set.  This  result  was 
not  surprising  since  the  mobile  home  was  new  and  had  6  in.  of  wall  insulation,  windows 
that  did  not  rattle,  and  rather  tight  construction.  There  was,  however,  an  overall  low 
frequency  "resonance"  when  the  helicopter  flew  over.  Outdoors  in  the  tent,  no  effort 
was  made  to  distinguish  vibration  levels,  although  the  tent  roof  sometimes  flapped  from 
the  helicopter  overhead. 

In  the  house  living  and  dining  rooms,  the  data  clearly  divided  based  on  the  USA- 
CERL  researchers'  subjective  evaluation  of  the  vibration  and  rattles.  Figure  16  is  typical 
of  these  data  but  is  for  the  living  room  and  dining  room  combined  as  described  below. 
Various  attempt?  were  made  to  find  objective  measures  of  the  accelerometer  and 
Geophone  readings  which  would  cause  the  data  to  divide  as  cleanly  or  more  cleanly  than 
did  the  USA-CERL  researchers'  subjective  evaluations  in  the  house,  but  nothing  except 
the  most  artificial  of  measures  could  be  found.  The  only  indicator  which  worked  at  all 
well  was  the  level  of  acceleration  of  the  living  room  window,  which  turned  out  to  be  the 
primary  source  of  rattle  in  the  living  room.  In  the  dining  room,  the  window  which  rattled 
the  most  faced  west,  but  the  accelerometer  was  mounted  on  the  south-facing  window 
which  was  in  the  helicopter's  line-of-flight.  Signals  produced  by  the  vibration 
transducers  mounted  on  the  walls  were  found  to  serve  little  purpose. 

On  the  basis  of  these  results,  the  following  initial  conclusions  were  developed:  (1) 
The  mobile  home  data  did  not  divide  based  on  either  subjective  or  objective  measures  of 
vibration  and  thus  were  aggregated  solely  on  the  basis  of  A-weighted  noise  levels.  These 
data  are  illustrated  in  Appendix  D  along  with  the  tent  data  which  were  initially 
aggregated  solely  on  the  basis  of  noise  level.  (2)  The  data  in  the  living  room  and  dining 
room  within  sets  were  quite  similar  and  aggregated  together  into  the  liv-din  combination 
(Appendix  D);  these  data  did  divide  based  on  the  USA-CERL  researchers'  subjective 
evaluation  of  the  vibrations  and  rattles  present. 
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Tables 


Division  of  Data  Into  4-dB-Wide  Bins* 


Tent 

Indoor  Locations 

80  -  84 

60-64 

84-  88 

64-68 

88-  92 

68  -  72 

92-  96 

72-76 

96  -  100 

76-80 

100  -  104 

80-84 

104  -  108 

84-88 

♦There  is  a  nominal  20-dB 

shift  from  outdoors  (tent) 

to  indoors  to  account  for  building  attenuation  of 

A-weighted  helicopter  SELs. 


MOBILE  WHITE  NOISE  72.0-75.95 


Figure  IS.  Typical  data  from  the  mobile  home.  The  data  are  split  based  on  the 
U8A-CERL  researchers'  subjective  evaluation  of  the  vibration  and 
rattle  present.  The  ratings  were  on  a  3-point  scale  as  the  legend 
shows,  with  1  =  none,  2  =  a  little,  and  3  =  a  lot. 
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UVD  IN  WHITE  NOISE  72.0-75.95 


Figure  It.  Typical  data  from  the  houee  living  or  (fining  room.  The  data  are 
split  and  clearly  divided  baaed  on  the  USA-CKRL  reaearchen* 
subjective  evaluation  of  the  vibration  and  rattle  present.  The 
ratings  were  on  a  3-point  scale  as  the  legend  shows,  with  1  =  none, 
*  =  a  little,  and  3  =  a  lot. 

As  shown  in  Appendix  A  and  the  Instructions  to  the  subjects  (Figure  11),  the 
subjects  could  not  use  "undecided"  as  an  answer;  they  had  to  choose  between  the  two 
sounds.  They  did,  however,  indicate  the  difficulty  in  making  a  choice  on  a  5-point 
numerical  scale.  To  eliminate  questionable  data,  a  simple  criterion  was  developed  to 
flag  data  for  which  there  were  only  a  few  subjects  and  they  had  a  hard  time  deciding 
since  these  data  points  would  have  the  greatest  probability  of  error.  This  procedure  is 
evident  in  Appendices  C  and  D;  data  points  are  circled  when  the  number  of  subjects 
choosing  those  values  was  less  than  1.5  times  their  average  difficulty  in  deciding. 

Regression  lines  (solid)  were  fit  to  all  the  data  sets  in  Appendices  C  and  D  (data 
sets  having  three  or  more  points  only),  if  significant,  a  new  regression  line  (dashed)  was 
approximately  fit  to  data  sets  with  one  or  more  questionable  (circled)  data  points, 
provided  three  or  more  uncircled  data  points  remained. 


A-Weigbted  Data  Results 

Equivalency  in  this  study  is  established  between  a  helicopter  SEL  and  a  control  SEL 
for  equal  annoyance  when  50  percent  of  the  subjects  find  the  helicopter  noise  more 
annoying  and  50  percent  find  the  control  sound  more  annoying.  In  each  curve  in  Appendix 
D,  the  regression  line  has  been  used  to  estimate  the  50/50  equivalency  point.  Frequently, 
for  the  high  vibration  level  in  the  liv-din  area,  the  data  are  offscale  and  no  50/50  point 
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can  be  estimated.  It  seems  clear,  however,  that  this  point  i»  at  least  20  dB  offset;  that 
is,  the  control  noise  would  have  to  be  20  decibels  louder  than  the  measured  helicopter 
SEL  for  there  to  be  an  equivalent  annoyance  when  high  levels  of  vibration  and  rattle  are 
present.  Table  9  lists  the  helicopter  SEL  found  equivalent  to  the  control  SEL  for  the 
various  subject  sites  and  vibration  groupings.  In  this  table,  20  dB  are  subtracted  from  the 
outdoor  levels  to  make  them  approximately  equivalent  to  indoor  levels  (it  was  generally 
found  that  the  house  attenuated  outdoor  levels  by  20  dB  and  the  Mobile  home  attenuated 
outdoor  levels  by  19  dB). 

The  data  in  Table  9  indicate  two  strong  trends:  the  offset  between  helicopter  and 
control  levels  for  equivalency  of  annoyance  varies  with  site  and  with  the  presence  of 
vibrations  and  rattles.  In  the  tent,  which  can  be  considered  outdoors,  the  offset  ranges 
from  3  to  8  dB  with  4.5  dB  as  an  average.  This  result  compares  favorably  with  the  0  to  4 
dB  found  by  other  researchers  in  the  totally  outdoor  situation. 1 0  ir  the  mobile  home,  the; 
offset  ranges  from  3  to  14  dB  with  almost  8  dB  as  an  average.  Thi1.  increased  offset  may 
be  due  to  the  ever  present  low  frequency  resonance  excited  >y  the  helicopter. 

The  house  is  where  the  most  interesting  data  developed.  Here  the  offset  clearly 
divides  based  on  the  presence  of  vibrations  and  rattles.  With  no  vibrations  or  rattles,  the 
helicopter  is  equal  to  or  less  annoying  than  the  control  for  the  same  A-weighted  SELs. 
However,  when  a  little  vibration  or  rattling  is  present,  the  helicopter  SEL  offset  is  on  the 
order  of  12  dB;  when  a  lot  of  vibration  is  present  the  offset  exceeds  20  dB. 


Table  9 

Decibel  Offsets  as  a  Function  of  Location,  Vibration/Rattle 
Level,  and  Control  Level  to  Establish  Equivalency 


Control  SEL 
(Bin  Center), 
dB* 

Tent** 

MoMle 

Home 

Vlb.1 

Kouee  Ue-Dta 

vsn 

via.  s 

•2 

♦3 

ND«» 

ND 

ND 

ND 

M 

♦« 

S* 

-1 

ND 

ND 

78 

♦3 

♦3 

-2D 

♦» 

♦H** 

74 

♦8 

•6 

-2 

♦2 

♦H 

n 

♦4 

♦  14 

♦8 

♦13 

♦H 

12 

♦4 

♦T 

8 

♦11 

♦H 

86 

+4 

Jt! 

ND 

_S 

♦17 

Average 

4.8 

7.8 

-4.2 

11.7 

H 

•Control  level  4-d9-wide  bin  center  value. 

••Control  levels  in  the  tent  were  ID  dB  higher  to  tccount  for  the  nominal  A-weighted 
attenuation  of  helicopter  noise  by  the  house  or  mobile  home. 

•••Not  enough  data  to  construct  a  regression  line  (only  1  or  2  points). 

*Too  much  scatter  to  have  a  meaningful  regression  line. 
ttOata  saturated  at  the  high  end  with  at  least  *20  dB  required  to  establish  equivalency. 


10L.  C.  Sutherland  and  R.  E.  Burke,  Annoyance,  Loudness,  and  Measurement  of 
Repetitive  Type  Impulsive  Noise  Sources,  EPA-550/9-79-103  (U.S.  Environmental 
Protection  Agency,  November  1979). 


Rattle  and  Spectrum  Venus  Distance 

It  appears  that  if  A-weighting  is  to  be  used  to  assess  helicopter  noise,  it  is  valid 
only  when  the  helicopter  does  not  excite  noticeable  vibrations  or  rattles.  Tables  10  and 
11  show  the  frequency  of  occurrence  of  the  three  subjective  vibration/rattle  levels  as  a 
function  of  slant  distance.  For  this  test  (this  house  and  a  UH-1H  aircraft),  the  slant 
distance  would  have  had  to  be  1000  ft  or  greater  to  reasonably  use  A-weighting  and  avoid 
the  vibration/rattle  region. 

The  data  were  examined  to  see  if  the  maximums  1/2  second,  1/3  octave  spectrum 
would  correlate  with  the  level  of  vibration  in  the  house.  Only  the  200-  and  500-ft  slant 
distances  had  sufficient  occurrences  of  all  vibration  levels  at  the  identical  indoor 
helicopter  SEL.  For  the  200-ft  slant  distance,  there  were  several  occurrences  of  a  70-dB 
A-weighted  SEL  for  the  helicopter  in  the  house  at  all  three  vibration  levels.  The  energy 
average  maximum  1/2  second,  1/3  octave  indoor  spectra  are  shown  in  Figure  17.  Figure 
18  shows  the  corresponding  outdoor  data  (measured  on  the  30 -ft  pole)  for  these  specific 
events.  Figures  19  and  20  illustrate  similar  data  for  a  500-ft  slant  distance;  but  in  this 
case  the  indoor  SEL  is  68  dB. 

The  data  do  not  indicate  a  clear  correlation  between  1/3  octave  spectrum  and  the 
level  of  the  rattle.  While  the  incidence  and  magnitude  of  the  rattle  must  be  related  to 
the  noise  stimulus,  the  maximum  1/2  second  spectrum  appears  to  be  inadequate  to 
describe  this  relation.  It  may  be  that  other  portions  of  the  flyover  or  a  narrow  band 
analysis  are  required  to  understand  the  relationship. 


An  Alternative  Hypothesis  to  Vibration 

Can  there  be  other  reasons  why  A-weighting  fails  to  work  when  vibrations  and 
rattles  are  perceptible?  One  hypothesis  is  the  "overhead  theory."  This  theory  states  that 
an  aircraft  flying  overhead  at  a  tow  altitude  generates  fear  which  is  translated  into 
increased  annoyance. 

This  hypothesis  was  examined.  Of  course,  an  aircraft  overhead  at  low  altitudes 
must  be  at  a  short  slant  distance  and  will  usually  generate  vibrations  and  rattles  (Tables 
10  and  11).  To  separate  the  "overhead"  factor  from  the  "distance"  factor,  the  data  were 
split  by  the  aircraft  being  overhead  (100  or  200  ft  AGL)  versus  flying  to  the  side  (400, 
950,  and  1980  ft  at  300  ft  AGL).  To  make  a  valid  comparison,  these  data  were  generated 
with  the  vibration  level  held  constant.  Figure  21  illustrates  a  typical  example  for  the 
house  dining  room,  vibration  level  2,  and  a  control  SEL  range  of  72  to  76  dB.  Clearly,  the 
overhead  data  in  this  figure  indicate  no  increase  in  annoyance  compared  with  the  sideline 
data.  In  fact,  this  negative  finding  is  the  general  trend  and  the  other,  similar  figures 
have  not  been  included  for  the  sake  of  brevity.  It  was  concluded  that,  in  this  test, 
whether  or  hot  the  aircraft  was  overhead  was  not  a  factor  in  the  subject's  annoyance 
judgments. 
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Table  10 


i 


Subjective  Vibration/Rattle  Levels  as  a  Function  of 
Slant  Distance  in  the  Dining  Room 
(Number  of  Occurrences) 


Slant  Distance 
(ft) 

Vibration/Rattle  Level* 
12  3 

Total 

100 

9 

14 

33 

56 

200 

23 

39 

49 

111 

SOO 

48 

58 

6 

112 

1000 

72 

15 

0 

87 

2000 

47 

0 

0 

47 

Total 

199 

126 

88 

413 

♦Levels  1,  2,  and  3  correspond  to  the  USA-CERL  researchers' judgments  of  "none,” 
"a  little,"  or  la  lot,"  respectively. 


Table  11 

Subjective  Vibration/Rattle  Levels  as  a  Function  of 
Slant  Distance  in  the  Living  Room 
(Number  of  Occurrences) 


Slant  Distance 
(ft) 

Vibration/Rattle  Level* 
12  3 

Total 

100 

3 

13 

40 

56 

200 

3 

31 

74 

108 

500 

42 

22 

45 

109 

1000 

48 

28 

6 

82 

2000 

44 

6 

1 

51 

Total 

140 

100 

166 

406 

•Levels  1,  2,  and  3  correspond  to  the  USA-CERL  researchers'  judgments  of  "none," 
"a  little,"  or  "a  lot,"  respectively. 
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Figure  21.  Dining  room  responses  for  a  subjective  vibration  level  2  and  a  control 
SEL  range  from  72  to  76  dB.  The  data  are  split  by  aircraft  overhead 
versus  to  the  side. 


Can  Alternative  Measurement  Sites  or  Measures  Clarify  Results? 

The  A-weighted  data  In  Appendix  D  measured  Indoors  divide  distinctly  into  three 
groups,  depending  on  the  USA-CERL  researchers'  subjective  evaluations  of  the  rattle 
present.  Since  the  response  data  divided  into  three  groups  rather  than  collapsing  into  one 
group  when  the  helicopter  noise  was  A-weighted,  it  was  decided  to  compare  the  indoor 
responses  using  a  C-weighted  measure  of  the  noise  rather  than  the  A-weighted  data 
contained  in  Appendix  D.  Appendix  E  contains  the  C-  weighted  data.  The  general  results 
in  Appendix  E  for  the  C-weighted  indoor  date  show  that  C-weighting  offers  no 
improvement  over  the  A-weighted  liv-din  data;  the  data  still  divide  into  three  groups. 

In  yet  another  effort  to  get  the  indoor  liv-din  data  to  collapse  into  one  group, 
outdoor  A-weighted  and  C-weighted  helicopter  data  were  used  in  conjunction  with  the 
liv-din  responses.  These  data  are  also  in  Appendix  E.  (For  brevity,  the  outdoor  tent  data 
were  used  as  pure  outdoor  data;  significant  A-weighted  or  C-weighted  attenuation  is  not 
expected  through  the  canvas  walls  and  ceiling  of  the  tent  when  the  noise  source  is  a 
helicopter).  The  general  results  evident  in  Appendix  E  for  both  A-weighted  and  C- 
weighted  data  are  that  the  vibration  groups  1  and  2  tend  to  come  together,  but  that  the 
high  vibration  and  rattle  data  (group  3)  remain  very  distinct  from  the  other  two  groups. 
Again,  as  with  the  indoor  data,  the  C-weighted  data  offer  no  improvement  over  the  A- 
weighted  data.  Neither  A-weighting  nor  C-weighting  appears  capable  of  fully  describing 
the  responses  when  high  levels  of  vibration  and  rattle  are  present. 
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That  C-weighting  offers  no  improvement  over  A-weighting  is  further  emphasized 
by  the  data  in  Appendix  F.  Here,  the  liv-din  subjective  responses  (percentage  finding  the 
helicopter  noise  more  annoying  compared  with  a  500-Hz  octave  band  white  noise  control) 
are  plotted  versus  the  difference  between  the  C-weighted  and  A-weighted  SELs  (C-A). 
Two  sets  of  acoustical  data  are  included:  indoor  iiv-din  helicopter  noise  data  and  data 
gathered  by  the  microphone  in  the  tent,  in  general,  the  responses  do  not  vary  with 
changes  in  the  C-A  value;  however,  they  do  divide  clearly  based  on  the  three  vibra¬ 
tion/rattle  categories. 


A-Weighted  Results:  Summary 

The  outdoor  A-weighted  helicopter  data  can  be  compared  directly  With  the  indoor 
A-weighted  control  by  compensating  for  the  farmhouse's  attenuation  of  A-weighted 
helicopter  noise,  which  was  nearly  20  dB.  Table  12  compares  the  outdoor  A-weighted 
group  1  and  2  data  for  when  50  percent  of  the  subjects  found  the  helicopter  more 
annoying  and  50  percent  found  the  control  noise  more  annoying.  This  table  lists  the 
indoor  bin  center  white  noise  control  level,  the  outdoor  A-weighted  helicopter  data  50/50 
point,  and  the  difference  minus  20  dB  to  account  for  the  outdoor-to-indoor  house 
attenuation  of  the  A-weighted  helicopter  noise.  As  before,  the  group  3  data  remain  far 
offscale,  indicating  a  large  offset  or  penalty  is  required—at  least  20  dB.  All  outdoor  A- 
weighted  data  in  Table  12  compare  very  favorably  with  the  indoor  A-weighted  data  in 
Table  9. 

The  general  result  for  these  group  1  and  2  vibration  and  rattle  level  responses  with 
A-weighted  helicopter  noise  measured  indoors  or  outdoors  is  that  the  offset  or 
adjustment  required  for  helicopter  noise  assessment  is  on  the  order  of  0  dB  for  no  rattle 
and  10  dB  for  a  little  rattle.  These  offsets  are  averages;  Tables  9  and  12  show  that  the 
offsets  tend  to  increase  with  noise  level.  Table  13  lists  the  offset  averages  for  the  tent, 
mobile  home,  arid  vibration  level  1  and  2  data  in  the  house  (liv-din).  Taken  together, 
these  overall  data  indicate  that  helicopter  noise  requires  an  offset  or  adjustment  of 
perhaps  5  to  10  dB  indoors  when  a  little  vibration  or  rattling  is  present  or  when  there  is 
no  rattle  but  the  helicopter  SEL  is  high  (above  about  90  dB).  When  the  helicopter  SEL  is 
lower  than  about  90  dB  and  there  is  no  vibration  or  rattling,  there  is  no  offset.  Outdoors, 
the  offset  is  at  most  about  4  dB.  When  high  levels  of  vibration  and  rattle  are  present, 
the  offset  is  very  large— on  the  order  of  20  dB  or  more.  Table  14  provides  summary 
results  of  decibel  offset  or  adjustment  for  use  in  environmental  assessment. 
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Table  12 


Decibel  Offsets  for  Outdoor- Measured  Helicopter  A-Weighted 
SELs*  in  the  House  (Liv-din) 


Control 

SEL 

Vibrat’on 
Group  1 

Vibration 

Group  2 

(Bin  center) 

SEL 

Offset 

SEL 

Offset 

62 

87 

-5 

ND** 

- 

66 

91 

-5 

ND 

- 

70 

101-1/2 

-10-1/2 

84-1/2 

+6 

74 

100-1/2 

-6-1/2 

82-1/2 

+11-1/2 

78 

92 

+6 

86 

+12 

82 

95-1/2 

6-1/2 

ND 

86 

ND 

___ 

ND 

— _ 

Average 

-2.4 

9.8 

♦Twenty  dB  are  subtracted  from  the  outdoor  SEL  to  account  for  building  attentuation. 
**ND  means  insufficient  data. 


Table  13 

Average  A-Weighted  Decibel  Offsets  by  Subject  Group,  Microphone 
Location,  and  Vibration  Level 


House  Liv-din 

Mobile  Vib.  1  Vib.  2 

_  Tent* _ Home* _ Inside*  Outside** _ Inside*  Outside** 

Decibel  +4.6  +7.6  -4.2  -2.4  +11.7  +9.8 

offset 


♦Data  from  Table  9. 
♦♦Data  from  Table  12. 
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Table  14 


Decibel  Offset  or  Adjustment— Summary  Results 


Rattle 

Outdoor 

A-Weighted 

SEL 

Offset  of 
Adjustment 
<dB) 

Slant 

Distance 

(ft) 

a.  House 

None 

<  90 

0 

>  1000 

None 

>  90 

5-10 

>  1000 

A  little 

All 

5-10 

>  5P ; 

b.  Trailer 

A  lot 

All 

20 

>  5t*0 

c.  Outdoors 
(Tent) 

NA 

All 

6-10 

All 

S  CONCLUSIONS 


Human  response  Is  strongly  and  negatively  influenced  when  the  noise  induces 
noticeable  vibrations  and  rattles.  However,  A-weighting  is  insufficient  to  fully 
characterize  this  response.  C-weighting  is  no  improvement  over  A-weighting;  neither 
can  properly  assess  human  response  when  the  helicopter  noise  excites  high  levels  of 
vibration  and  rattle. 

When  little  vibration  or  rattling  is  induced  by  the  helicopter  or  there  are  no  rattles 
but  the  helicopter  SEL  exceeds  about  90  dB,  the  offset  or  adjustment  for  proper 
assessment  of  helicopter  noise  appears  to  be  on  the  order  of  5  to  10  dB  for  subjects 
.indoors.  Outdoors,  the  offset  or  adjustment  drops  to  about  4  dB  or  less.  When  no 
vibration  or  rattling  is  induced  and  the  helicopter  SEL  is  less  than  about  90  dB,  the  offset 
is  zero.  When  the  helicopter  induces  high  levels  of  vibration  or  rattles,  the  indoor  offset 
or  adjustment  is  on  the  order  of  20  dB  or  more. 

The  data  in  Tables  10  and  11  show  that  the  presence  or  absence  of  high  levels  of 
helicopter-noise-induced  vibrations  and  rattles  is  strongly  dependent  on  the  helicopter's 
slant  distance.  In  this  experiment,  slant  distances  shorter  than  500  ft  virtually  ensured 
high  levels  of  helicopter-noise-induced  vibrations  and  rattles  whereas  slant  distances  in 
excess  of  1000  ft  virtually  ensured  little  or  no  such  vibrations  or  rattles. 

Overall,  this  experiment  indicates  the  need  for  an  offset  or  adjustment  when  A- 
weighting  is  used  to  assess  indoor  human  response  to  helicopter  noise.  On  average,  this 
offset  or  adjustment  appears  to  be  on  the  order  of  5  dB  or  more.  Further,  the  use  of  A- 
weighted  assessment  techniques  such  as  Day-Night  Average  Sound  Level  is  invalid  when 
high  levels  of  noise-induced  vibration  and  rattle  are  present.  The  data  indicate  that  no 
housing  or  noise-sensitive  land  use  should  be  in  zones  where  helicopter  noise  can  induce 
high  levels  of  vibration  or  rattle  because  of  the  large  offset  (20  dB).  For  the  Huey 
aircraft  in  this  experiment,  the  no-housing  zone  boundary  lies  between  500  and  1000  ft. 
Thus,  these  data  indicate,  at  least  for  the  HuCy,  that  no  housing  or  noise-sensitive  land 
use  should  be  located  within  500  ft  (slant  distance)  of  general  helicopter  operations  and 
that  the  region  between  500-  and  1000-ft  slant  distance  must  be  examined  carefully  on  a 
ease-by-case  basis.  Beyond  1000  ft,  there  should  be  an  adjustment  of  perhaps  5  dB. 
Since  the  Huey  makes  about  5  dB  more  noise  when  landing  compared  to  level  flyover  or 
takeoff,  the  no-housing  distance  in  the  vicinity  of  a  heliport  for  a  Huey  is  closer  to  900  ft 
with  the  discretionary  distance  extending  to  about  1700  ft. 


METRIC  CONVERSION  FACTORS 

1  in.  =  2.54  cm 
1  ft  =  0.305  m 
1  mi  =  1.61  km 
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APPENDIX  At 


DATA  FORMS 

Forms  used  in  collecting  data  for  the  study  are  shown  as  Figures  Al,  answer  sheets 
foi*  the  two  different  orders  of  control  presentation;  A2,  microphone  data  sheets;  A3, 
velocity  data  sheets;  A4,  tape  recorder  data  form;  AS,  theodolite  data  form;  A6, 
subjective  vibration/rattle  data  sheet— USA-CERL  researcher;  and  A7,  weather 
conditions. 

MIT  H,  W  F  pa 


SUBJECT  RESPONSE  FORM 

NAME  (plus*  print)  _  SET  NUMBER 


LOCATION  (pitas*  elrelt):  'outs.ld* 

*HnbHt  home  ^Houst  living  root  *  House  dining  rooa 

MY  and  TIHC  (pitas*  circle):  Nonday  Tuesday  Wednesday  Thursday  Friday  /  *PN 

TRIM.  NUMBER 

CIRCLE  THE  NOISE  THAT  HAS  MORE  ANNOYING 

HOW  HARD  NAS 

IT  TO  MAKE  UP  TOUR  MINOT 

(RED) 

(YELLOW) 

vary 

In 

very 

A 

B 

taty 

between 

hard 

PRACTICE 

1 

2 

1  2 

3 

S 

PRACTICE 

1 

2 

1  2 

3 

S 

PRACTICE 

HELICOPTER 

COMPARISON 

I  2 

3 

s 

1 

HELICOPTER 

COMPARISON 

I  * 

3 

s 

2 

HELICOPTER 

COMPARISON 

1  2 

3 

5 

3 

HELICOPTER 

COWARISOfl 

1  2 

3 

S 

4 

HELICOPTER 

COMPARISON 

1  2 

3 

5 

5 

HELICOPTER 

COMPARISON 

1  2 

3 

$ 

6 

HELICOPTER 

COMPARISON 

1  2 

3 

5 

7 

HELICOPTER 

COMPARISON 

1  2 

3 

5 

a 

HELICOPTER 

COMPARISON 

1  2 

3 

4  5 

9 

COMPARISON 

HELICOPTER 

1  2 

3 

S 

10 

COMPARISON 

HELICOPTER 

1  2 

3 

S 

11 

COMPARISON 

HELICOFTER 

I  2 

3 

5 

12 

COWARISON 

HELICPOTER 

I  2 

3 

5 

13 

COMPARISON 

HELICOPTER 

1  2 

3 

5 

14 

COMPARISON 

HELICOPTER 

1  2 

3 

S 

IS 

COMPARISON 

HELICOPTER 

1  2 

3 

s 

16 

COMPARISON 

HELICOPTER 

I  2 

3 

5 

Figure  Al.  Subject  response  form. 
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II  T  T  «a.  W  r  pa 


i 

1 
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APPENDIX  B* 

HELICOPTER  PILOT  AND  CONTROL  FUNCTION  FLIP  CARDS 


The  first  part  of  this  appendix  illustrates  the  cards  used  by  the  pilot  on  the  Monday, 
Tuesday,  and  Thursday  morning  and  Wednesday  and  Friday  afternoon  sequence.  The 
second  part  illustrates  the  alternate  sequence.  For  the  control  function,  the  pilot  flip 
cards  were  augmented  with  Apple  He  computer  and  step-attenuator  settings.  These  also 
are  shown  in  the  second  set. 
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APPENDIX  Ct 


BASIC  DATA  REDUCTION 


Figures  Cl  through  C20  contain  the  subject  response  results  by  A-weighted 
helicopter  SEL  for  various  4-dB-wide  control  SELs.  The  data  are  the  indoors  only  and  are 
split  by  location  and  subjective  level  of  vibration  or  rattle  as  reported  by  the  USA-CERL 
researcher.  Regression  lines  (solid)  are  fit  to  the  data  when  three  or  more  data  points 
exist. 

Data  for  which  the  number  of  subjects  is  less  than  1.5  times  the  average  difficulty 
number  (subjects  reported  difficulty  in  deciding  on  a  5-point  scale-see  Appendix  A)  are 
circled.  When  it  appears  that  the  resulting  new  regression  line  will  be  significantly 
different  from  the  original  then  an  approximate  new  regression  line  (dashed)  is  fit  to  the 
data  sets  that  have  one  or  more  circled  points,  provided  at  least  three  uncircled  data 
points  remain. 
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AMEIGhTEO  HELICOPTER  06 

Figure  C2.  A-weighted  mobile  home;  white  noise  64  to  68  dB. 
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gure  C3.  A-weighted  mobile  home;  white  noise  88  to  72  dB. 
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Figure  C7.  A-weighted  mobile  home;  white  noise  84  to  88  dB. 


Figure  C8.  A-weighted  living  room;  white  noise  60  to  64  dB. 
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Figure  CIS.  A-weigfated  dining  room;  white  noise  64  to  68 
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Figure  C16.  A-weighted  dining  room;  white  noise  68  to  71  dB. 
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APPENDIX  Dt 

SUBJECT  RESPONSE  RESULTS  BT  A-WEIGHTED  HELICOPTER  SEL 


Figures  D1  through  D21  contain  the  consolidated  subject  response  by  A- weighted 
helicopter  SEL  for  various  4-dB-wide  control  SELs.  The  data  are  for: 

1.  The  tent 

2.  The  total  mobile  home 

3.  The  liv-din  in  the  house  split  on  three  vibration  levels  as  reported  subjectively 
by  the  USA-CERL  researcher. 

Regression  lines  (solid)  are  fit  to  the  data  when  three  or  more  data  points  exist. 

Data  for  which  the  number  of  subjects  is  less  than  1.5  times  the  average  difficulty 
number  (subjects  reported  difficulty  in  deciding  on  a  5-point  scale— see  Appendix  A)  are 
circled.  When  it  appears  to  be  significant,  an  approximate  new  regression  line  (dashed)  is 
fit  to  data  sets  that  have  one  or  more  circled  points,  provided  at  least  three  uncircled 
data  points  remain. 


Figure  Dl.  A-weighted  tent}  white  noise  80  to  84  dB. 
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Figure  D6.  A-weigfated  tent;  white  noise  100  to  104  dB. 


Figure  D7.  A-weighted  tent;  white  noise  104  to  108  dB. 


Figure  D9.  A-weighted  total  mobile  home;  white  noise  64  to  68  dl 
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Figure  DIO.  A-weigfated  total  mobile  home;  white  noise  68  to  72  dB. 


Figure  Dll.  A-weighted  total  mobile  home;  white  noise  72  to  76  dB. 
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Figure  D16.  A-weighted  living/dining  room;  white  noise  64  to  68  dB. 


Figure  017.  A-weighted  living/dining  room;  white  noise  68  tn  72  dB. 
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APPENDIX  Ei 


SUBJECT  RESPONSE  RESULTS  BY  C-WEIGHTED  INDOOR  HELICOPTER  SEL  AND 
BY  A-  AND  C-WEIGHTED  OUTDOOR  HELICOPTER  SEL 


Figures  El  through  E21  contain  consolidated  subject  response  results  for  the 
combined  liv-din  areas  for  various  4-dB-wide  control  SEL  bins  by  C-weighted  indoor 
helicopter  SEL  and  by  A-  and  C-weighted  outdoor  helicopter  SEL. 

Only  data  for  which  the  number  of  subjects  is  greater  than  1.5  times  the  average 
difficulty  number  (subjects  reported  difficulty  in  deciding  on  a  5-point  scale-- see 
Appendix  A)  are  reported.  Regression  lines  are  fit  to  the  data  when  three  or  more  data 
points  exist. 
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Figure  El.  C-weighted  living/dining  room;  white  noise  60  to  64  dB. 
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100  00 


Figure  E12.  A-weighted  living/dining  room  (tent  data);  white  noise  76  to  80  dB. 


Figure  E13.  A-weighted  living/dining  room  (tent  data);  white  noise  80  to  84  dB. 


Figure  E14.  A-weighted  living/dining  room  (tent  data);  white  noise  84  to  88  dB. 


Figure  E15.  C-weighted  Iiv’ng/dining  room  (tent  data);  white  noise  60  to  64  dB. 
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Figure  E16.  C-weighted  living/dining  room  (tent  data);  white  noise  64  to  68  dB. 


Figure  E17.  C-weighted  living/dining  room  (tent  data);  white  noise  68  to  72  dB. 
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APPENDIX  F: 

CONSOLIDATED  SUBJECT  RESPONSE  RESULTS 
Figures  FI  through  F14  oooUta 

Only  0...  for  which  the 

«  «  “ »• d*<i  ’"hen  ,hree  or  more  dat* 

points  exist. 
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Figure  FI.  Living/dining  room  (tent  data);  white  noise  60  to  64  dB  (A-weiglited 
C-weighted). 


Figure  F2.  Living/dining  room  (tent  data);  white  noise  64  to  68  d3  (A-weighted 
C-weighted). 
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Figure  F3.  Living/dining  room  (tent  data);  white  noise  68  to  72  dB  (A-weighted 
C -weighted). 


Figure  F4.  Living/dining  room  (tent  data);  white  noise  72  to  76  dB  (A-weighted 
C-weighted). 
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Figure  F7.  Living/dining  room  (tent  data);  white  noise  84  to  88  dB  (A- weighted 
C-weighted). 


Figure  F8.  Living/dining  room;  white  noise  60  to  64  dB  (A-weighted  - 
C-weighted). 
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Figure  F13.  Living/dining  room;  white  noise  80  to  84  dB  (A-weighted 
C-weighted). 
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Figure  F14.  Living/dining  room;  white  noise  84  to  88  dB  (A-weighted 
C-weighted). 
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